SUMMARY Measurements of cortical and subcortical atrophy were made on CT scans of 34 patients with Huntington's disease. Significant correlations were found between the bicaudate ratio (BCR) and an eye movement scale (r = 0 44, p < 001), and activities of daily living scale (r = 0-57, p < 0-001) and the Mini-Mental State Exam (r = 0A49, p < 0-01). No correlations were found between BCR values and severity of chorea or voluntary motor impairment. A detailed neuropsychological evaluation of 18 Huntington's disease patients showed significant correlations between the BCR and Symbol Digit Modalities test (r = 0 65, p < 0-01), and parts A (r = 0-72, p < 0-001) and B (r = 0-80, p < 0 0001) of the Trail Making Test. These data support work in primates that demonstrates the role of the caudate nucleus in cognitive and oculomotor functions, but not in motor control (which is governed by putamino-subthalamic systems). The specific cognitive skills correlated with caudate atrophy in Huntington's disease are those reported in primate work to be served by the frontal-caudate loop system: eye movements, conceptual tracking, set shifting and psychomotor speed.
Huntington's disease is a progressive neurodegenerative disorder inherited as an autosomal dominant trait. Symptoms which usually begin in the fourth or fifth decade of life, include abnormal movements, cognitive deficits and psychiatric disturbances.' The neuropathological hallmark of Huntington's disease is neostriatal neuronal loss, but more wide pathology, especially of the frontal cortex, is also found. 2 3 The major neuropsychological deficits in Huntington's disease are slow thinking, impaired ability to operate on acquired knowledge and to shift attention, and deficits in learning new verbal and non-verbal information.4 These psychological deficits have been traditionally attributed to pathology in cortical structures, while motor deficits have been associated with striatal pathology. However, work in primates has demonstrated that the caudate nucleus receives input from cortical areas involved in cognitive functions, while the putamen mainly receives motor-related input. 4 In this study, we assessed clinical features quantitatively and related them to quantitated CT scan measurements. The results are consistent with the view that the cognitive deficits are related to CT scan measurements of caudate nucleus and not cortical atrophy.
Material ad methods
Subjects: Thirty-four Huntington's disease patients attending the Huntington's Disease Clinic at the Johns Hopkins Hospital were included in the study. Criteria for definitive Huntington's disease' were (1) chorea or the characteristic impairment of voluntary movement, which was not present at birth, was insidious in onset, and which had become gradually worse, and (2) a family history of at least one other member with these typical symptoms of Hunt- ington's disease. Every patient was examined prior to CT with a battery which consisted of (1) 12 5) 18-4 (10-9) Group A: includes the total group of 34 Huntington's disease patients examined.
Group B: includes the group of 18 Huntington's disease patients who underwent detailed neuropsychological evaluation.
Standard deviations are in parentheses. A hierarchical multiple regression analysis was performed to examine the relation between Trails B, and BCR taking Trails A into account (by entering it into the regression equation first). Trails B accounted for a significant portion of the variance in BCR (r2 increment = 009, F = 5-65, p ( 005) after controlling for Trails A, which was also significantly correlated with BCR (r = 072, p < 005).
Discussion
The present study examined correlations between atrophy in cortical and subcortical structures as assessed by CT and variables of motor and neuropsychological impairment in Huntington's disease patients.
While no correlations were observed between measurements of caudate atrophy (BCR) and severity of chorea, the BCR showed a significant correlation with the severity of eye movement abormalities. The strongest relationship was between caudate atrophy and impairment in cognition.
While the basal ganglia have been previously considered to have motor functions, recent work has demonstrated important anatomical and functional sub-systems in basal ganglia structures.14 DeLong and co-workers'4 described five segregated "loops" that connect frontocortical areas with different basal ganglia structures. The putamen has functional and anatomical connections to motor-related cortical structures, particularly the supplementary motor cortex. The caudate nucleus, on the other hand, has no fibre connections with the motor cortex, except for the frontal eye fields. Its major cortical connections are with frontal areas with established cognitive functions, especially the dorsolateral and orbital frontal cortices, and with limbic cortical areas related to emotional function. 14 1 ' The lack of relationship between the caudate and motor function (except for ocular movements) is consistent with our failure to find significant correlations between chorea scores and scores of voluntary motor functions with caudate atrophy.
The only significant correlation between caudate atrophy and motor deficits was with the eye movement scores. It is well known that Huntington's disease patients have difficulty in initiating saccades, and also demonstrate slow saccades and fixation instability. ' 
